Dimethyl Ether (DME) -an alternative fuel -was synthesized by methanol dehydration over the silica-based catalysts. Silica extracted from both rice husk (A)and rice-husk ash(B) was used as the precursors for preparing the catalysts. The SiO 2 /Al 2 O 3 and the SAPO catalysts prepared from that silica were analyzed using X-ray diffraction (XRD), N 2 adsorption (BET surface area), Xray fluorescence (XRF), NH 3 temperature-programmed desorption (NH 3 -TPD), and thermal gravimetric analysis (TGA). The effects of reaction temperature on the methanol selectivity and conversion to dimethyl ether were investigated. The methanol dehydration reactions were carried out in a packed-bed reactor at the reaction temperature of 250-350°C. DME was the major product and formed with selectivity of 57% over SAPO-B. An increasing of the reaction temperatures resulted in the enhancing of methanol conversion. The highest methanol conversion of 93% was achieved at 325°C. The method of silica extraction had an effect on the selectivity to DME due to the higher BET surface area.
Introduction
The current years, the demand of fossil fuel has increased while the fuel supply has decreased. Therefore, the alternative fuel has been in the interest. Clean energy has received the growing attention due to the present global environmental pollution and energy supply [1] . DME has been received the attention as a renewable energy due to its thermal efficiencies equivalent to diesel fuel, lower NO x emission, near-zero smoke and non-toxic. DME can be synthesized from methanol dehydration over a suitable catalyst. In the present, DME is commercially prepared by methanol-dehydration process applying acidic porous catalysts including zeolites, silica-alumina and γ-alumina [2, 3] . The commercial catalysts could not achieve high selectivity to DME. They were not stable due to the irreversible coking on their surface [4] . SAPO-11 was used in the synthesis of DME from the synthetic gas. It has been found that the yield of desired product over SAPO-11 was higher than that over SiO 2 /Al 2 O 3 [5] . The source of silica which was the precursor for catalyst preparation has become interesting because it could be extracted from agricultural waste, especially rice husk. Rice husk is the main agricultural waste in Thailand, which has been widely used as biomass fuel for power plants in wide area. Rice-husk ash has been generated from those plants as a solid waste. However, rice-husk ash is rich in silica which is suitable to be synthesized as the catalyst support [6] [7] . This paper uses catalyst prepared from rice husk, one of the most abundant agricultural wastes in Thailand, in catalytic methanol dehydration to produce dimethyl ether (DME). High methanol conversion and good DME selectivity were achieved. Some revision, however, is needed as follows.
Research Methodology

Silica extraction
Silica extracted from rice-husk ash (A): rice-husk ash was collected from the local power plant. It was stirred with 3-M hydrochloric acid for 30 minutes, washed with de-ionized water until being neutral, and then dried at 100°C in an oven over night. The dried ash was stirred with 1-M sodium hydroxide solution at 70-80°C for 24 h, then the mixtures were filtered. The filtrate was titrated with hydrochloric acid until it became neutral. The neutral solution was then left at the room temperature for 18 h. The solution was transformed into gel which was filtered and then dried at 80°C for 12 hr. The dried gel was ground and dried at 80°C for 4 h.
Silica extracted from rice husk (B): rice husk was collected from a local rice-mill factory. It was washed and dried at 105°C over night to remove water content. The dried rice husk was boiled with 3-M hydrochloric acid in a reflux rector at 70°C for 5 h. The boiled rice husk was washed with de-ionized water until the pH was neutral, dried at 110°C over night and then calcined in flowing air at 550°C for 6 hr, yielding the final silica form of SiO 2 .
Catalyst preparation
The SAPO synthesized from silica extracted from rice husk was stirred with 1-M sodium hydroxide, aluminum nitrate and hydrophosphoric acid at 70°C until the solution was perfectly mixed. The pH of solution was adjusted by gradually dropping a 35% ammonia solution until a paste formed. That solution was converted into gel form. Gel was washed, filtered and then dried at 100°C overnight. The dried powder was calcined in flowing air at 300°C for 2 h for the first step, at 500°C for 5 h for the second step, and at 300°C for 2 h for the third step. The method for synthesis SiO 2 /Al 2 O 3 catalysts isn't different from the method for synthesis SAPO catalysts, but it is not doped with hydrophosphoric acid in the process.
Catalyst characterization
The X-ray diffraction (XRD) patterns of powder were obtained using an X-ray diffractometer. Scans were performed over the 2θ ranges from 10 to 80°. The surface areas of the samples were measured by a multipoint N 2 physisorption method at 77 K and determined by BET method. Chemical compositions in crystal were observed by X-ray fluorescence (XRF), and the acidity of catalysts was estimated by temperature-programmed desorption (NH 3 -TPD). Finally, the amount of coke deposited on the used catalysts was measured by thermal gravimetric analysis (TGA).
Methanol dehydration reaction
The catalyst performance tests were carried out in a packed-bed reactor at the reaction temperature range of 250-350°C. 0.5 g of a catalyst sample was placed in a glass tubular reactor and was placed over the quartz wool layers. The reaction was carried out under the reactant-gas flow which contained 20% of methanol in nitrogen-gas stream with the total volumetric flow rate of 60 ml/min (STP). The influent and effluent gases were sampled and analyzed by on-line set of gas chromatographs equipped with the TCD and FID detectors. Molecular sieve 13X and Porapak P columns were used for analyzing the samples.
Results and Discussion
Characterization of catalysts
The specific BET surface areas and acidic properties of catalysts were summarizes in Table  1 . It has been found that the catalyst prepared from rice husk (B) provided higher surface area than that prepared from rice-husk ash (A) did. XRD patterns of catalysts showed that both of catalysts had the amorphous structures. It showed that there were no significant peaks observed for the
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catalysts. There was no crystalline (amorphous) because the gel technique could yield the very-fine particles and the amorphous structure. Table 2 depicted the compositions in the synthesized crystals, which were analyzed by XRF. It has been found that the silica extracted from rice husk had silica of 99.22% higher than 96.57% of the silica extracted from rice-husk ash. The weak-and the strongacid sites analyzed by NH 3 -TPD were shown in Table 1 . It has been found that the SiO 2 /Al 2 O 3 catalyst had the strong-acid site higher than SAPO catalysts, but the SiO 2 /Al 2 O 3 catalyst exhibited lower total acidity than SAPO catalysts. Table 2 The composition in crystals and the amount of coke deposited on catalysts
Effects of reaction temperature on methanol dehydration reaction
In Figure 1 , the results of methanol dehydration to DME over catalysts were presented. As shown in Figure 1a , it has been found that the conversion of methanol for using the SAPO and SiO 2 /Al 2 O 3 catalysts prepared from rice husk and rice-husk ash gave the similar methanol conversion with different selectivity to DME (as shown in Figure 1b ). The influences of the reaction temperature on the conversion of methanol and selectivity for DME over catalysts were shown in Figure 1 . The conversion over catalysts increased with an increase in temperature. Dimethyl ether, in normally, was formed via the methanol dehydration over SAPO-A, SAPO-B, SiO 2 /Al 2 O 3 -A, and SiO 2 /Al 2 O 3 -B to yield the DME selectivity varying from 30 to 57%. The temperature of 300°C gave the maximum selectivity for DME. The selectivity to DME over at temperatures beyond 300°C was decreased due to the formation of higher hydrocarbons within the series of DME dehydration reaction, as well as hydrocarbon formation, was associated with a higher concentration of strong acid sites.
Catalysts
Si Al P The catalytic performance of these catalysts with time on stream was presented in Figure 2 . The SAPO and SiO 2 /Al 2 O 3 were synthesized from silica extracted from rice husk showed a continuous-stable activity during 50 h on stream as shown in Fig 2a which depicted the conversion percentage of methanol versus the time on stream at the reaction temperature of 300°C. The conversion percentage of methanol decreased abruptly until 56% conversion of methanol was reached and their stability changed little as compared with that of SAPO and SiO 2 /Al 2 O 3 showing the similar performance of methanol conversion. The DME selectivity on SAPO and SiO 2 /Al 2 O 3 synthesized from silica extracted from rice husk were shown in Fig 2b. It has been found that the selectivity of DME decreased slowly with an increase of time on stream, while after 20 h the DME selectivity on SiO 2 /Al 2 O 3 gave the highest stability. After the reaction completed, the coke deposition on the catalysts was analyzed by TGA (as shown in Table 2 ). The small amount of coke was formed on spent SAPO -B catalyst, but the large amount of coke were detected on spent SiO 2 /Al 2 O 3 -A. However, coke deposition on the catalyst surface depended on the acidity of catalysts. 
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Conclusion
This work focused on influences of reaction temperature and catalyst synthesis method on the framework catalysts. It is found that the acidity of catalysts had the effects on the selectivity to DME and the amount of deposited coke increased. However, the SAPO and SiO 2 /Al 2 O 3 catalysts were prepared by the different methods, i.e. silica extracted from rice husk and rice-husk ash, gave the similar performance for methanol conversion on these catalysts. The activity of the catalysts showed high methanol conversion but gave low selectivity to DME. The selectivity to DME decreased as the temperature was raised to 300°C. The methanol conversion and the selectivity to DME were dependent on the reaction temperature.
